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1. 

OPERATIONAL TRANSCONDUCTANCE 
AMPLIFER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to an operational 

transconductance amplifier (OTA) and more particularly, to a 
multi-output OTA. 

2. Description of the Related Art 
The OTA is an amplifier capable of controlling output 

current based on input Voltage and can be equivalent to a 
resistor and an active component in the circuit. Besides, none 
of any resistor is needed in the circuit design and the equiva 
lent resistance can be acquired by control of bias current. 
As shown in FIG. 1, a conventional OTA 10 is adapted for 

connection with multiple input Voltage sources V, V, 
V, and includes a source degeneration unit 12, two current 
cancellation units 13 and 14, two current division units 15 and 
16, and a differential output unit 18. The input voltage source 
V, is to provide Voltage supply. The two input voltage 
sources V, and V are to provide differential input voltage. 
The Source degeneration unit 12 includes three transistors 

122, 124, 126, which are operated in the triode region to 
simulate resistance. Sources S of these transistors 122, 124, 
126 are interconnected for receiving the voltage of the input 
Voltage source V. Gates G of these transistors 122, 124. 
126 are interconnected. Each of the transistors 122 and 124 
includes a node n1 or n2 at its drain D. 
The current cancellation units 13 and 14 are connected 

with the two nodes n1 and n2 of the source degeneration unit 
12 and the differential output unit 18. The two current can 
cellation units 13 and 14 can receive and convert the voltage 
of the input voltage sources V, and V, to generate an 
output current and the output current flows to output ends 
V, and V, of the differential output unit 18. 
The two current division units 15 and 16 are connected 

with the two current cancellation units 13 and 14, respec 
tively. The current division unit 16 is to convert the voltage of 
the input voltage sources V, and V into current and con 
duct the current to the grounded ends to diminish the 
transconductance. Based on the technique of division, only a 
little output current is utilized, so the current utilization effi 
ciency is lower. Besides, the two current division units 15 and 
16 need larger layout area. 
When Small signal analysis is applied to the conventional 

OTA 10 shown in FIG. 1, it is known that all of small-signal 
electronic flows flow through the source degeneration unit 12 
and a Voltage stress AV is generated between the two nodes n1 
and n2 of the source degeneration unit 12. In DC analysis, 
Voltage stress AV of the source degeneration unit 12 is con 
stant. When Small-signal Voltage is inputted, the Voltage 
stress AV of the source degeneration unit 12 can be affected 
by the small-signal current is so if the ratio between the 
respective Small-signal currents (i.e., is+isa+is2) gener 
ated by the two current cancellation units 13 and 14 and the 
two current division units 15 and 16 is relatively constant, 
Such small-signal currents can be more linear. Since left and 
right transistors of the OTA 10 shown in FIG. 1 are symmetri 
cal, in the process of the Small-signal analysis, one of the left 
and right transistors of the OTA 10 is analyzed only where the 
transconductance of the transistor is equal to the specific 
value of the output current to the input voltage. After the 
Small-signal analysis, the transconductances g132, g13.gis2 
of transistors 132,134,152 of the current cancellation unit 13 
and the current division unit 15 can be acquired from the 
following equations. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 

gs: - , (), , expt, Il-exp(-von) 
1 W WSG Vs - Voup = -- . . . expl- 1 - expl - - - - 8134 v, (t), 9 expt. exc VT 

W Ws - O gis: 834; 8.32 = (I), 1-exp(- VT : 
(), -exp(-i n): (), -exp(-i) 

where W denotes the physical width of the transistor, and L 
denotes the physical length of the transistor. 
The two current division units 15 and 16 are directly 

grounded to make the transconductance thereof be greatly 
affected by voltage of source endV as indicated in the afore 
said equation gs. In other words, if the input Voltage V, is 
changed, the transconductance of gs will be directly 
affected, indicating that the transconductance of the conven 
tional OTA 10 is not only affected by the physical dimension 
of the transistor but the variation of the input voltage. 
As illustrated in FIG. 2, to realize a third-order low-pass 

differential transconductance capacitive filter 40, seven con 
ventional OTAs 401–407 and three capacitors 421-423 are 
needed. 

SUMMARY OF THE INVENTION 

The primary objective of the present invention is to provide 
an OTA, which can provide multiple output currents of iden 
tical potential and decrease required number of elements and 
power consumption while applied to the analog filter and the 
sigma-delta analog-to-digital converter. 
The foregoing objective of the present invention is attained 

by the OTA connected with multiple voltage sources and 
formed of a resistance simulation unit, two current cancella 
tion units, a first differential output unit, two current division 
units, and a second differential output unit. The resistance 
simulation unit is to simulate resistance. The two current 
cancellation units are connected with the resistance simula 
tion unit, for receiving the Voltage of the Voltage sources and 
converting the Voltage sources into two first currents. The first 
differential output unit is connected with the two current 
cancellation units and includes two first output ends. The two 
first currents flow to the two first output ends, respectively. 
The two current division units are connected with the two 
current cancelation units, respectively, for receiving the Volt 
age of the Voltage sources and converting the Voltage sources 
into two second currents. The two differential output units are 
connected with the two current division units and include two 
output ends. The two second currents flow to the two second 
output ends, respectively, and include the same potential as 
the two first currents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic circuit diagram of a conventional 
OTA 

FIG. 2 is a schematic circuit diagram of the conventional 
OTA applied to a three-order low-pass differential transcon 
ductance capacitive filter. 

FIG. 3 is a schematic circuit diagram of a first preferred 
embodiment of the present invention. 
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FIG. 4 is a schematic circuit diagram of a second preferred 
embodiment of the present invention. 

FIG. 5 is a schematic circuit diagram of the present inven 
tion applied to a third-order low-pass multi-output and dif 
ferential input transconductance capacitive filter. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Structural features and desired effects of the present inven 
tion will become more fully understood by reference to two 
preferred embodiments given hereunder. However, it is to be 
understood that these embodiments are given by way of illus 
tration only, thus are not limitative of the claim scope of the 
present invention. 

Referring to FIG. 3, an OTA 20 constructed according to a 
first preferred embodiment of the present invention can be 
connected with multiple input voltage sources V, and V. 
and includes a resistance simulation unit 21, two current 
cancellation units 22 and 23, two current division units 24 and 
25, a first differential output unit 26, and a second differential 
output unit 27. The detailed descriptions and operations of 
these elements as well as their interrelations are recited in the 
respective paragraphs as follows. 
The resistance simulation unit 21 can simulate resistance 

and includes two nodes n1 and n2. In this preferred embodi 
ment, the resistance simulation unit 21 adopts a circuit iden 
tical to the source degeneration unit of the conventional OTA, 
so the recitation in this regard is skipped. However, the resis 
tance simulation unit 21 can adopt another circuit of resis 
tance simulation. 

The two current cancellation units 22 and 23 are connected 
with the two nodes n1 and n2 of the resistance simulation unit 
21 and the first differential output unit 26. The two current 
cancellation units 22 and 23 include two first transistors 221 
and 222 and two second transistors 231 and 232. Sources S of 
the two first transistors 221 and 222 are connected with one of 
the two nodes n1 and n2 and Sources of the two second 
transistors 231 and 232 are connected with the other node n1 
or n2. Gates G of the two first transistors 221 and 222 are 
connected with the input Voltage source V. Gates G of the 
two second transistors 231 and 232 are connected with the 

input voltage source V. Drain D of the first transistor 221 is 
connected with drain D of the second transistor 232. Drain D 
of the first transistor 222 is connected with drain D of the 
second transistor 231. 
The first differential output unit 26 includes two first dif 

ferential transistors 261 and 262 and two first differential 

transistors V, and Vi.Sources S of the two first differ 
ential transistors 261 and 262 are grounded. Gates G of the 
two first differential transistors 261 and 262 are intercon 
nected. Drains D of the two first differential transistors 261 
and 262 are connected with the drains D of the first and 
second transistors 222 and 232, respectively. The two first 
output ends V, and VI, are connected with drains D of 
the two first differential transistors 261 and 262, respectively. 

The two current cancellation units 22 and 23 can receive 
and convert the Voltage of the input Voltage sources V, and 
V, into two first currents, one of which is the sum of the 
current of the drain D of the first transistor 221 and the current 
of the drain D of the second transistor 232 and the other is the 
sum of the current of the drain D of the first transistor 222 and 
the current of the drain D of the second transistor 231. The 

two first currents flow to the two first output ends V, and 
V of the first differential output unit 26, respectively. 
The two current division units 24 and 25 are connected 

with the two current cancellation units 22 and 23 and the 
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4 
second differential output unit 27 and include two third tran 
sistors 241 and 242 and two fourth transistors 251 and 252. 
Sources S of the two third transistors 241 and 242 are con 
nected with the source S of the transistor 222. Sources S of the 
two fourth transistors 251 and 252 are connected with the 
source S of the transistor 232. Gates G of the two third 
transistors 241 and 242 are connected with the input Voltage 
source V. Gates G of the two fourth transistors 251 and 252 
are connected with the input voltage source V. Drain D of the 
third transistor 241 is connected with drain D of the fourth 
transistor 252. Drain D of the third transistor 242 is connected 
with drain D of the fourth transistor 251. 
The second differential output unit 27 includes two second 

differential transistors 271 and 272 and two second output 
ends V2 and V2, Sources S of the two second differen 
tial transistors 271 and 272 are grounded. Gates G of the two 
second differential transistors 271 and 272 are intercon 
nected. Drains D of the two second differential transistors 271 
and 272 are connected with the drains D of the third and 
fourth transistors 242 and 252, respectively. The two second 
output ends V2 and V2, are connected with drains D of 
the two second differential transistors 272 and 271, respec 
tively. The two current division units 24 and 25 can receive 
and convert the Voltage of the input voltage sources V, and 
V, into two second currents. The two second currents can 
flow to the two second output ends V, and V2. It is to be 
noted that the two first currents and the two second currents 
have the same DC potential each. 

Since the transistors at left and right sides of the OTA 20 
shown in FIG.3 are symmetrical, in the process of the small 
signal analysis, only the left or right transistors are analyzed. 
In this embodiment, the transconductances g221 g222, g24, 
ge of the left transistors 221, 222, 241,242 are analyzed and 
acquired from the following equations. 

g242 F it, (), less Vs - Ye). -exp(-i) in VT in VT VT 

g24 F () . . expe - Vip | -exp(-i) nVTA L 1241 9 in VT VT 

ga, = , (), , esp., -exc- a) 
g222 F it, (;), i. -expt, I exp(-i) 

3242824, 322 8222 F 

(1,1-exp(-, -)-(1,1-exp(-, Vout 2p 
VT 

W Ws - W. W Vs - Vout in 
(I), | exp(- S VT t1p : (). exp(- S V t 

As known from each of the transconductances acquired 
through the aforesaid Small-signal analysis, these transcon 
ductances are more susceptible to the physical dimension of 
the transistors and less Susceptible to the input Voltage source 
V,. In this way, the linearity of the OTA 20 of the present 
invention can be enhanced more than that of the conventional 
OTA 

Referring to FIG.4, an OTA30 constructed according to a 
second preferred embodiment of the present invention is 
similar to the OTA 20 of the first preferred embodiment, 
having the following differences. The two current division 
units 34 and 35 only include one third transistor 341 and one 
fourth transistor 351. The second differential output unit 37 
further includes an active load OTA 373 connected with 
drains D of two second differential transistors 371 of the 



capacitors 521-523 are needed to realize a three-order low 
pass differential transconductance capacitive filter 50. There 
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second differential output unit 37. Drains D of the third and 
fourth transistors 341 and 351 are connected with the drains D 
of the two second differential transistors 371 and 372. In this 
way, the active load OTA 373 can function as providing 
differential output ends V 
potential to increase the linearity of the OTA 30. 

and V2, with the same DC 5 

Compared with the prior art, as shown in FIG. 5, the OTA 
of the present invention includes multiple differential outputs, 
so only four OTAS 501-504 of the present invention and three 

10 

fore, the required number and power consumption of the 
OTAS can be reduced to keep the linearity of the filter circuit. 
What is claimed is: 
1. An operational transconductance amplifier (OTA) for 15 

connection with multiple input voltage sources, the OTA 
comprising: 

a resistance simulation unit for simulating resistance; 
two current cancellation units connected with the resis 

tance simulation unit respectively for receiving and con 
Verting the Voltage of the input voltage sources into two 
first currents; 

a first differential output unit connected with the two cur 
rent cancellation units respectively and having two first 
output ends, the two first currents flowing to the two first 
output ends; 

two current division units connected with the two current 
cancellation units respectively for receiving and con 
Verting the Voltage of the input voltage sources into two 
second currents; and 

a second differential output unit connected with the two 
current division units respectively and having two sec 
ond output ends, the two second currents flowing to the 
two second output ends and having the same potential as 
the two first currents, 

wherein the two current cancellation units comprise two 
first transistors and two second transistors, sources of the 
first and second transistors being connected with the 
resistance simulation unit, gates of the two first transis 
tors being connected with one of the input voltage 
Sources, gates of the two second transistors being con 
nected with one of the input voltage sources, drain of one 
of the two first transistors being connected with drain of 
one of the two second transistors, drain of the other first 
transistor being connected with drain of the other second 45 
transistor; the first differential output unit comprises two 
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6 
first differential transistors, sources of the two first dif 
ferential transistors being grounded, gates of the two 
first differential transistors being interconnected, drains 
of the two first differential transistors being connected 
with the drain of the other first transistor and the drain of 
the other second transistor respectively, the two first 
output ends being connected with drains of the two first 
differential transistors. 

2. The OTA as defined in claim 1, wherein the two current 
division units comprise two third transistors and two fourth 
transistors, sources of the two third transistors being con 
nected with the sources of the two first transistors, sources of 
the two fourth transistors being connected with the sources of 
the two second transistors, gates of the two third transistors 
being connected with one of the input voltage sources, gates 
of the two fourth transistors being connected with one of the 
input Voltage sources, drain of one of the two third transistors 
being connected with drain of one of the two fourth transis 
tors, drain of the other third transistor being connected with 
drain of the other fourth transistors; the second differential 
output unit comprises two second differential transistors, 
sources of the two second differential transistors being 
grounded, gates of the two second differential transistors 
being interconnected, drains of the two second differential 
transistors being connected with the drain of one of the third 
transistor and the drain of one of the fourth transistor respec 
tively, the second output end being connected with the drains 
of the two second differential transistors. 

3. The OTA as defined in claim 1, wherein the two current 
division units comprises a first third transistor and a fourth 
transistor, source of the third transistor being connected with 
sources of the two first transistors, source of the fourth tran 
sistor being connected with sources of the two second tran 
sistors, gate of the third transistor being connected with one of 
the input Voltage sources, gate of the fourth transistor being 
connected with one of the input voltage sources; the second 
differential output unit comprises two second differential 
transistors and an active load OTA, sources of the two second 
differential transistors being grounded, gates of the two sec 
ond differential transistors being interconnected, drains of the 
two second differential transistors being connected withdrain 
of the third transistor and drain of the fourth transistor respec 
tively, the two second output ends being connected with 
drains of the second differential transistors. 


